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ABSTRACT 

A functional (as opposed to structural) theory of 
intellectual development is presented and used to generate specific 
performance models for Piagetian tasks involving the control of 
variables (cf. Inhelder and Piaget, 1958). On the basis of these 
models, it is concluded that intelligent, field independent 7- and 
8-year-olds should be able to acguire the control of variables 
scheme, even though they have not yet acguired either conservation of 
weight or the combinatorial system. Preliminary data (n=52) are 
presented to support this conclusion. They are discussed with regard 
to Piaget»s formal theory of intellectual development and the 
functional limitations of development of learning. (SDH) 
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LEARNING ANi> 1NTKLLKCTUAL DKVKLOPMi'NT 



Robbie Case * 
University of California, Berkeley 

Ah Flavell and Wohlwill (1969) have pointed out, Piaget's theory of 

intellectual development is predominantly a str uctural one: it ains at 

a formal description of the human organism 1 s knowledge or competence at 

different points in time* What developmental psychology now needs — if 

it is to achieve a greater degree of predictive power— is a parallel 

theory which is predominantly fu n ct tona l f that is, one which describes 

the devices or mechanisms by which human knowledge is actually acquired 

2 

and utilized* The purposes of the present report are as follows: 
(a) to outline the general functional theory of cognition which is being 
developed by Pascual-Leone and his co-workers, (b) to demonstrate that 
the theory is capable of generating detailed "per fornance" models for a 
group of Plagetian tasks, (c) to present some counter-intuitive data whlc 
are successfully predicted by these models, and (d) in the liftht of the 
data, to reconsider the nature of developmental limitations on the acqui- 
sition of specific logical structures. 

I A Kco-Piagotian Theory of Development 
The theory to be summarised in this section was first proposed by 
Pascu.1 1-1 eone, in a doctoral dissertation submitted to the University of 
Geneva (PascualHNeone, 1969). Since that time it has been mod I tied and 
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elaborated, particularly with a view to facilitating the sort of de- 
tailed functional eodollingvtilch will he attempted in the second section. 

The basic construct employed in the theory Is the Placet inn notion 
of a scheme. Schemes are defined as the subjective units of thought, 
that Is, as the mental blueprints which represent experience and which 
are responsible for producing behavior. They are classified into three 
main categories: figurative, operative, and executive. 

Figurative schemes are roughly equivalent to what Miller (1956) has 
labelled "chunks." They are the internal representations of items of 
information with which a subject is I. u.iliar, or of perceptual configura- 
tions which he can recognize. Like I pattern recognition devices 
described by Neisser (1967), they a:, assumed to act on a weighted set of 
features or cues, rather than simply to re-act to some "stimulus" or 
"input." If, for example, a subject looked at a photograph and asserted 
that it was a picture of his house, one would say that he did so by 
transforming the raw sensory input into a network of perceptual features 
which were already associated in his mind with a conceptual response of 
the order, "That is my house." More simply, one would say that he assimi- 
lated the sensory input to his (figurative) "house scheme." 

Operative schemes correspond to what Inhelder & Piagot (1966, p. 22) 
have labelled "transformations," or to what computer simulators have 
labelled "primitive information proce3ses" (cf. Newell, Shaw, & Simon, 
1958; Klahr & Wallace, 1970). They are the internal representations of 
function;: (rules), which cau be applied to one set of figurative, ncheuos, 
in order to generate a new set. If, for example, a subject were to look 
at two different photographs and to judge that they were of the saw 
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(but unknown) humus one would nay that he did so by applying an operativ 
scheme represent iug a "sameness" function ("it two objects are alike in 
all relevant aspects, they nay be presumed to bo the same") to the 
figurative schemes representing the features of each of the photographs 
in question, and that he generated a new figurative scheme representing 
the fact: "These two photographs are actually of the same house." 

Finally , executive schemes correspond to what Miller, Gulanter, and 
Pribram (I960) have labelled "plans ," or what Newell and Simon (1972) 
have labelled "executive programs." They are the internal representation 
of procedures which can be applied in the face of particular problem 
situations, in an attempt to reach particular objectives. As such, they 
are to a large degree responsible for determining what figurative and 
operative schemes a subject activates in any particular situation. It 
would be unlikely, for example, that a subject would activate the figura- 
tive and operative schemes mentioned in the previous paragraph, unless th 
operation of comparing photographs was a planned part of some executive 
routine by which the subject hoped to accomplish some particular goal. 
The complexity of the routine could, of course, vary widely: from a 
simple one-step procedure in which photograph-comparison was the only 
important operation, to a highly sophisticated contingency plan in which 
photograph-comparison played only a minor role. 

Although schemes are classified into three different categories, it 
ray be seen that they are all alike in the following respects: 

Al. They are all highly "active." They are not simply triggered by 
some input; rather, they apply on it and transform it. 
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A!'. The> aro all functional uiuts, even though they nay vary in 
content and structural rouplexLty. 

A3. They nil consist o* two components, an initial set of conditions 
under which they can apply (i.e., a releasing component), ami a .subsequent 
set of conditions which they can generate (i.e., an effecting component). 

Given this characterization of the nature of schemes, it follows 
from Uio literature on early infancy that children are born with an innate 
repertoire of sensory motor schemes (Piagct, 1952, 1954; Fantz, J 963; 
Kaftan, 19/1). New schemes are assumed to bo acquired in a number of 
fashions : 

Bl. By the modification of an old scheme. This sort of acquisition 
is assumed to occur in one of two ways. (a) As the result of repeated 
application of an old scheme new components can become incorporated into 
its releasing component. This is what is assumed to occur, for example, 
in the course of "perceptual differentiation 0 (cf. Cibson, 1969). (b) As 
the result of repeated appJication of an old scheme, now components can 
become incorporated into its effecting component. This is what is assumed 
to occur, for example, in the course of "t r ial-and-error learning. M 

B2. New schemes can also be acquired by the combination and consoli- 
dation of several old schemes. This sort of acquisition is assumed to 
occur in one of three ways. (a) As the result of repeated coactivation 
of a uumber of figurative schemes, the entire group can be assembled 
into a higher- order unit. This is what is assumed to occur, for example, 
in the emergence of perceptual "chunks" (cf. Miller, 1956). (b) As the 
result of the application of an operative scheme oa a set of figurative 
schcriej;, the new figurative scheme generated by the transformation can 



beco..e a permanently fixed fund i ona I unit. This is what is asstmed to 
occur, foe exaivle, ulu-n a ?aibjecl gem'rat es ami retains a new item of 
information fro:.; his al ready existing stuiv, without ever being presented 
with this itepi directly. (c ) As a result o* the repeated and successful 
application of a series- of schemes to the solution of a particular class 
of problems, the wl- sequence can become incorporated into a higher- 
order functional unit which ran serve in future situations of a 8 In Liar 
sort as a mora highly articulated executive sclu.ne. This is whit is 
prc-.nuned to occur, for example*, when a subject gradually evolves a sophis- 
ticated "strategy 11 to deal with a particular class of problems (cf. Bruner, 
Coodnow, L Austin, 1956). 

In the course of everyday interaction with the world, then, subjects 
are assumed to be constantly applying, and constantly modifying, their 
basic repertoire of schemes. The total set of schorr.es activated al any 
one moment is held to constitute the cont ent of their thought. The follow- 
ing postulates are assumed to characterize the? process of this thought 
(or at least that part of it which is goal-di reeted) . 

Cl . In attempting to solve any problem, a subject's first stop is 
to activate some general executive scheme. Which scheme he activates 
can depend on a number of factors, including the nature of the problem- 
constraints, the nature of the perceptual field, the nature of his past 
prohlei:i-sol ving experience, and the nature of his emotional reaction to 
the situation. 

C2. Once a particular executive scheme is activated, it directs the 
activation of a sequence of figurative and operative schemes. 
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CJ* The sequence of figurative and operative schemes is comprised 
of discrete "mental steps." Kach of these const itrtes a distinct 
operation (analogous to a subroutine Jn a compute program), In which 
an operative scheme applies on one or more figurative schemes, and 
generates a new figurative scheme. 

(7*. Figurative schemes which are the product of past operations 
are carried forward or "rehearsed," so that they can bo utilized in 
future operations. 

C5. Unless its releasing component is activated directly by the 
iiusit:4 late perceptual input, the activation or rehearsal of any scheme 
requires the application of "mental effort" (cf. Knhiier.an, 1973), Since 
the amount of mental effort which can be applied at any one moment Js 
limited, the nuuher of schemes which can bo activated in any one mental 
step is also limited. 

C6. When a scheme (or set of schemes) which corresponds to the subject's 
original objective is finally generated, the executive scheme directs an 
appropriate terminal response and ceases to be active. 

C7. If, at any time in the above process, two schemes are activated 
whose content is pragmatically incompi^L ible (e.g., scheme 1: % x is 
bigger" , scheme 2: "x is smaller") cognitive conflict ensues. Other 
things being equal (e.g., salience, past reinforcement, emotional in- 
volvement) cognitive conflicts are dealt with by activating all the other 
schemes which appear to be of relevance to the conflict, and by resolving 
the conflict in favor of the schem;* consistent with the greatest number 
of other schemes. This process is as; sinned to be a central pa* t of what Tiaget 
has labelled "equilibration" (1'iaget, 3 970). 
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Tin- aiunv postulates arc intended to eharact cr Izc alt d i rod vd 
thinking. Whether or not a particular individual actually solves a par 
ticul.tr problem is held to depend on four additional factors. 

hi. The first of these, is the repertoire of schemes which the 
subject bring.: to the problem. It is assuued that this repertoire in- 
creases in complexity and accuracy with exper ience , accord inn to the 
learning processes mentioned ii. 1)1 and R2. As a result, it varies both 
w ft It in and across aye groups. 

1)2. The second of these* is the maximum numb o r of schemes which the 
subject's psychological system is capable of activating at any one time. 
This maximum mental effort or M-pouur is also assumed to vary both within 
and across age. groups. Within age groups, differences are assumed to 
resnlr largely f row biological factors, and to be at least partially 
responsible for producing differences in what Spearman (1927) labelled 
f, content-f roe intelligence (g)." Across age groups, differences are 
assumed to result largely from maturation, and to be at least partially 
responsible for producing differences in what Piaget labelled "operat i vity- 
level 11 (Piaget, 1970). For children whose cognitive development is nor- 
mal, M-pover is assumed to increase linearly with ago, according to the 
following scale.^ 



Age Devi 1 1 opipon t a I Sul > st a^c M-p ower 

3-4 F.ar ly preoperat i ons c+1 

5-6 Late preoperat ions c i 

7-8 Karly concrete opt rat ions cVi 

9*10 Middle concrete operations ef/* 

1 I - i ?. Lat e cone rot e-ea r 1 y f orm.ul ope ra! ions ef 5 
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A.;*-- D«'Vo 1 e A >; vnt a 1 ,SuJ»j*t a&t* 

Middle ioruul operations 
13-1.6 l.ate foitial operat Urn.-. 

In the above notation, the constant o refers Lo the mental el fort (or 
energy, or capacity, or space) required to activate, an ovcrlearnod i-xi- 
cutive scheme: the minora 1 refers to the maximum additional number of 
operative or figurative. schemes which can bo activated under the direction 
of this executive, without direct support from the i&eod J aU* perceptual 
input. 

1)3. A third factor related to problem success is the subject's 
tendency to utilise the full M-pover which he has available. It is 
assumed that certain subjects are. habitually low M-proccssors. Civon the 
chance, they prefer to look at or respond to problems in the simplest 
manner possible, that is, with a set of operations involving the least 
possible, mental effort. They are tires unlikely to do well at problems 
where some perceptual gestalt is presented or some sir/.ple solution pattern 
is suggested, yet where the most adequate response demands that, this 
gestalt or simple pattern be broken down into a (larger and more compli- 
cated) set of sub-elements. 

U\. The fourth factor which affects a subject's chance of solving 
certain problems is the relative weight which he gives to cues from the 
perceptual field, as opposed to cues from other sources ruch as the task 
Instruct ions, in selecting an executive scheme. In many probl er..»t, parti- 
cularly th«>se devised by psychologists, there are salient porceptutl cues 
present which tend to activate an inappropriate executive r.chc..e if l hey 
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arc given tuo much attention. It is assur.ed i hat subjects vary in their 
tendency to give weight to such salient but mis loading cues, ami t Iiat 
iiiil ivichul cl £ t liTiih'i'i! In this tendency arc stable across tasks and 
across tiiae. 

Finally, it is import ant to i cut ion that the individual differences 
described in 1)3 and !>•'* arc a»:sua:cd to be highly correlated, and that 
together they are be J loved to explain the cognitive stylo dimension which 
Witkin has labelled "field dependence- independence 11 (WJtkin, Dyk, 
Faterson, Good enough & Karp, 196?). Field-dependent subjects are assumed 
to be habitually low M- processors who assign higher weight to perceptual 
cues than to cues provided by the task instructions, in situations where 
these two sets of cues suggest conflicting executive schemes. Field in- 
dependent subjects are assumed to be habitually high M-processors , who 
assign a higher weight to the task instructions than to perceptual cues 
in such conflicting situations.^ 

Although this is a highly abbreviated summary of Pascual -Leone's 
theory, it may be seen that the framework is both comprehensive and in- 
tegrative. Its formal aspects are congruent with several of the basic 
tenets of Piaget f s theory. ^ On the other hand, its functional aspects are 
congruent with many of the basic postulates of current theories of percep- 
tion, attention, and cognition (cf. Neisscr, 19G7; Norman & Lindsay, 1972; 
Kahncman, 1973). While it is the formal aspect of the cheery which makes 
it relevant to the sorts of competencies which have been studied by 
Pia;;ct % it is the functional aspect (togethe r with the er.phasis on indivi- 
dual di f T«»renr»»<:) t which gives it its predictive power. 



J! A Per foru.tuoe Model for 
"Control of Variables" I'roMcus 

Ccuxcrj I Pro c ed u r e : ; 

Pascual-Leone has nut sot down an explicit sot of heuristics 
whereby liis theory way be used to generate a detailed performance model 
for a particular set of i'iagctian tasks. The following general procedures, 
however, seer. boLh workable and consistent with the specific performance 
models lie has constructed to illustrate the utility of his general theory 
(I'ascual -Leone, 197J). They will be followed in generating a model for 
tasks involving the control of variables. 

Kl . A general method will be. postulated, analogous to an executive 
program, whereby a subject could consistently arrive at the correct answer 
to each test question. (cf. Cl ) 

K2. This general method will be broken down into a scries of steps 
such that only one mental transformation will be p. ululated in any one 
step (cf. C2, C3). 

L3. Any scheme generated in one step, and required in a subsequent 
step f will be included as a'rehoarsod scheme" in all intervening steps 
(cf. CA). 

K4. The activation source for each schene will be specified [i.e., 
activation by the application of mental effort, or activation 
directly by the visual input (cf • C:>)]. 

K5. For each step, the mhiimun number of figurative and operative 
schei:..-:: which could execute the transformation will be specified. The 
rca:;o:i for i :t;: i ui /.ing c f f icieney in this fashion is that the total number 
of sciit',^ - ; required at any step del en :ines the youngest age ;\[ v'hich Ih-* 
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probh-i can he sol veil (ef. 1)2) > and what as of interest is a model of 



HO. In order to assure that Liu* iitodel is realist ic, independent 
evidence will be sought to diamine whether or not young children could 
actually possess the schemes whose existence has been postulated* If no 
fiitch independent evidence is discovered, the conditions under which 
these schemes could be constructed will be analyzed using the same pro- 
cedural steps (K1-E5)* 

The Control of Variables Paradigm 



The models which will now be presented are intended to predict 
chlldr* , f s performance on a wide range of investigative problems requiring 
the control of variables. They will be derived* however , with reference 
to a specific problem called Bending Rods : an adapted version of a task 
originally designed by Inhelder and Piaget (1958) ♦ The details of the 
task administration will be presented later* For the moment, it is im- 
portant only to mention that the task consists of three parts* In the 
first, children are presented with the series of rods illustrated in 
Figure 1; they are encouraged to discover all five of the independent 
variables which affect rod flexibility* In the second, they are asked to 
test each one of these variables individually; they receive one point for 
each test they conduct which is perfectly controlled* In the third, 
they are presented with a series of countertests by the experimenter 
(five of which are. uncontrolled); for every uncontrolled test to which 
they object (with an adequate explanation) they receive an additional point* 
The iMxir.um score on the test is therefore 10. 



iUlL^^il* l u * t* f o r man oe * 




Insert Figure 1 about here 



Tlf woruu.; \.Mi-:i is i.-'d for tin- count ort esi o.i each trial is as 
follow;;: "Weuld this U another fair way to prove it? Ikie** this prove 
thai (v.g. U»UJ) ro * !f - l> lul r ~» r ° Lh;,u ^••*»' SliilCv) rod..?" If lie wore to 
answer this quest ton with com; 1st cat .success, it seons clear that a 
subject would need sotxe jxmral. procedure for checking the explanation 
advanced by the experimenter, and then searching tlie perceptual array for 
any other reasonable explanation. The foJ loving executive routine could 
tumble htta to carry out such a procedure. 

Step I - Isolate the rod which is supposed to bond more. (e.g. the 
long one) . 

Step 2 - Check to see if it really does bend more. (IF so proceed, 

if not, respond "No, it doesn't prove that (e.g. long) 

rods bend wore.") 
Step 3 - Check to see if there is any other difference between the 

two rods which bight be. producing the greater bending. 

(If so, respond "No, it doesn't prove it," otherwise, 

respond "Yes, it does.") 

In order to execute such a routine, a subject would need to activate 
the following figurative and operative scher.es at each step. 

Step 1 (isolate the rod which Is supposed to bend more) 

YJongth A length operator corresponding to the rule: "If two objects 

differ in horizontal displacement., the one which projects the 

further is called the longer." 

r\or, A figurative s<-he.-.- representing the perceived difference In 
proj. 

horizontal projection between the two rod;;. 
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In thi:; tir.;t :.top, t !)•.• uper.it i\\ schci.e V length would apply on 
the figurative sohe::.- ;iu-r. pro J. ami generate a new scheme repro.-ie.it i n$* 
the lact that U«nl A v. i : th»- one which »d»oj|»id. ncm ' r,vi:t '* lni> figurative 
scheme -,'hor. proj. would lv f iold~fac U Hated; the executive soheae ami 
the opera: ivo scheme would ru»t be, am! would therefore require Kent a) (M) 
facilitation. As a result, the M-power requitvd for this .step would be 
e-U. 

S_teo_ 2 (Chuck to see if Rod A really does bend more) 

£U<>d A - more? A figurative scheme representing the conclusion generated 

in the previous step, that Rod A (as the longer) should 
bend more. 

M'quant. A quant ity operator representing the rule: "If a rod projects 
(bend) 

below another, it may be said to bend more; otherwise it n:ny not." 

$vert. A figurative scheme representing the difference in vertical 
disp. 

displacement of Rod B relative to Kod A (i.e. above or below It). 

In this step the operative scheme Vquant. would apply on the figura- 
tive schemes to generate the conclusion that the facts either were or 
wore not as the experimenter had stated them. Since $vert. disp. would 
be facilitated directly by the field, the total M-power required would be 
ef-2. Furthermore, since the executive scheme would continue to represent 
the subject's general intent — namely to check a proof of a positive re- 
lationship — the conclusion that the facts wore not as described would be 
sufficient to terminate the routine and generate the response "No." 
Assuming that this did not occur, the subject would advance to Step 3. 



A (Cueek to soi' 1 1 tlifiv h. .i:iy other relevant difference Ih twr^n 

the i>.i J r of rods) 

Hot her A ditfctv:i e operator ronv:.poud i ng to t In- rule: "If any 
d i t . 

relevant difference other than exLsts, label it." 

C'long- A figurative scheme ivp vsintinp the conclusion generated in 
more 

tlie second step: that the long rod does bend nore. This scheme 
would in effect constitute a parameter necessary to the comple- 
tion of the b lank in S ot her dif. 
(JRfid A A figurative scheme representing a relevant property (e.g. width) 
of Hod A. 

£Rod B A figurative scheme representing the corresponding relevant 
property of Rod B. 

Tiiis final step would actually be accomplished by an iterative series 
of substeps, in each of which a different relevant property of the rod 
pair would be compared. Since the pret raining ensures that all the rele- 
vant properties are salient, and since the apparatus is constructed such 
that differences with regard to any property (when they exist) are easily 
detected , the subject could rtui through this series of substeps with 
little mental effort, simply by scanning his eyes back and forth between 
the two rods, and allowing the content of his perception to be determined 
by the most salient features in his perceptual field* The M-power required 
would be £+3, since the executive scheme plus all four of the other schemes 
would have to be activated in each substep, and since only one of the 
schemes would bo directly facilitated by the input at any particular time. 
Ci.vc-n th-* goal inherent in the executive, the subject would object to 
the pro.'»f whenever be detected a relevant difference between the 
rods other than thu one cited by the e>.per iucnter , 



and he uuulii a«*\^i>t tiu proof whom-wr Ik* I .tiled to find siuh a tl i 1 1 < » j - 
ence» w i i i - % euly ti:.» he would rake cm error Would Ik- wiun lie failed to 
spot a relevant ili 1 I i-Tfiu due to i ii sut f 1 1- lent scanning* 

*iLV.*l^~/-: v iLJ- U- "1*1. il l - uu '" construct ion 

Tiu- word in,; which is used for the first pari of every trial is as 
folio-.*:..: "Suppose I il i da 1 1 believe that (e.g. IpQg) rods bend no re 
than (e.g. :\hort) roils. Could you do a fair tost to prow it to me?" 
J a order to answer this question with consistent success, a subject would 
need ti general pro< 'dure for sotting up a situation where tin 1 only rele- 
vant difference between the two rod:*, was the one specified* The follow- 
ing executive routine would enable* him to do this. 

Step 1 - Select a long rod (visually)* 
Stop 2 - Select a short rod for comparison. 

Step 3 - Check to mke sure the pair are identical in every other 

respect. (Tf not* return to Step 1 or Step 2). 
Step t\ - Se lect equal weights. 
Step !> - Put one weight on the short rod. 
Step 6 - Put the other weight on the long rod* 

Step 7 - Make sure the* weights are in the same position on their 
respective rods. 

When each step in the above routine is analyzed in detail, it turns 
out that no step requires that a greater number of schemes be activated 
thin Step i» Since Step 3 in this sequence is identical to Step 3 in the 
proof -Hum 1: ing sequence, it may be concluded that the K- power required is 
also identical % nar.ely t -I 3. According, to the general functional theory. 



» ,ij 1 ol •"•••»:«;'. coiwlusioa-. n.is he g«.su r.it «-d . The rsajorilv ,»f 
7- arid o-war olds s'uu.lv! k- able to pass th- Ucn.lh»£. JUuLt tost on their 
lii.t t- .;«. : .v. U, pjf.ldiu,. (...) ti.il Mu-Ir cognitive develop, nt is 
nor: 1 1 (of. n.>), (i.) that tiny atv high M-proe«ssors (cf. 1)1), (e) that 
they aiv relatively insensitive to any misleading cues the task way pro- 
svnt (. I. IU) , an J (J) that t hoy possess the required repertoire of 
schemes (cf. 1)1). Jt j.s this J at tor condition which roust now bo considoro< 
1:5 it at all reasonable to assunio that children of 7 or 8 could possess 
a repertoire of sclu-wn such as that which has boon hypothesized? 

Tluie tieeirus little doubt at all with regard to the f igurat ivo schemes 
which have bo.-n described. The f arail iarizatlon period contains explicit 
porcoptual training, and therefore servos as a check that the. relevant 
perceptual features will in fact bo part of the subjects 1 figurative 
repertoire (1)1). There also sooins little doubt that 7- and 8-yc.ar-olds 
should posses* the. appropriate repertoire of operative schemes. The ex- 
istence of distance nnd quantity operators can be inferred in- this age 
{•.roup froji the work of Placet (e.g. 1 946) or from current work in develop- 
mental linguistics (cf. Ilarasym, Uoersma, and Mnguiro, 1971). An operator 
such as S'other dif. can be inferred from children's success in performing 
tasks where they are simply asked, "is there any other way X and Y are 
different?" The irportant question, then, Is whether children of this 
ago could he expected to have developed executive schemes of the sophis- 
ticated sort which have been postulated. If they understand that a proof 
Is a "totally unar b iguous de»::nn«trat ion" (i.e. one where only one indepen- 
dent variable is Manipulated and all others are controlled), then it 
mo;s ro.r iM<- to assume that t'ney could have constructed such executive 



tf.'li •■• a sd i!it: they w.»mM { iv.iu- liu-.iwiivii Ku.e.l with t!k pn-!> Iom.,. 
'lut> : 1 i xr i:*.it period would r.ake it clear Ih it tin- prhary tjuost fn:i 

.: ...u!c r.*e . luiul r.on^ a. id the e>.por i : ntei 1 :; warding ("Supposi* 
1 didn't believe you. dm hi you do a fair Ust to prow • . . etc.") 
would b- .sufficient additional input to permit the subject to generate 
the appropriate routine. However, is it reasonable to assuihc that young 
childnn know (or could cone to know) what it means "to prove sor.othing 
to a disbeliever." Is it reasonable to as.su:.,' the existence of what is, 
it: etiect, a "control of variables" scheme? 

Within the traditional Plagetian fra:ae\/ork the answer to this quest ion 
might appear obvious simply from a formal analysis of the structural pro- 
perties of the scher.e. itself. Within the functional framework which has 
been advanced by Paue.ual-I.eone, however, the question cannot bo answered 
until one has also analyzed the nature of the experiences which might 
lead to the: acquisition of such a scherv (according to the. learning pro- 
cense:- mentioned in U2) , and the demands which would be placed on a sub- 
ject's functional system as a result. 

Ill An Acquisition Model for the 
"Control of Variables" Scheme 

Consider the following imaginary situation. 

Curry and Judy are both in the sawo fifth grade 
class. The boys in the class decide to have a relay 
race against th.- girls in the Has?:. They win the 
r.ue, hut not by too ranch. Turning to Judy, Oerry 
say.;« "See, 1 told you the boys were better runners 
th..n tii" girls; nov. we've proved it." Judy replies, 



Cast? 
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"oh co.,. off it. You ho>H aro not better runtH-rt;. 
The only r.-ason you von way because your lean was 
uv.,rin : ; n...;iin i; y o:1 ^n't prow a thing'" 

"Didn't prow thing?", (lorry ropljo». "Ke von, 
didn't we?" "Yeah, but you can't be sure it was 
because you wore beater runners/ 1 

Suppose that a young child overheard this argument. It seems likely 
that he would conclude one of two things (a) Gerry is right: the boys 
Hnst_ be faster runners (b) Judy is right: you can't be sure. He would 
not be able to sustain both conclusions since-in this case at least- 
the two are pragmatically incompatible. 

The conditions that would determine which conclusion a young child 
formed will be discussed shortly. First, however, it is worthwhile to 
point out that a child who came to the second conclusion, and who had 
never been exposed to such a sin^tloz, before, would, in effect, have 
actually constructed a preliminary form of the adult conception of proof. 
If he were to come to similar conclusions in other situations, one would 
expect his entire chain of reasoning to become consolidated (cf. B2(c)), 
and a "control of variables" or "proof" scheme to result. A child who 
arrived at the first conclusion repeatedly would also consolidate a notion 
of what it meant to "prove" something; however, the "control of variables" 
concept would not be an implicit part of this notion. Chi the contrary, 
the statement: "This proves that A causes B" would probably come to mean 
'—thing of thin order: "it is true th U A cau.es li and you can plainly 
see A and li varying together in this Instance." 



A nti. ;»••!■ oJ virl.iMfi could b, i e.. ihle iur swaying a young cliih! 
toward t: Sl - huon^l, rather l!i m the i-oriw.l conclusion. Yin* boys might 
lea^ ta-ter, and thi:. sal iVace lact,»* ni;;!it fail! stall' the cone ! it* i cm 
that tin y i w a Ik- faster ninm r.s. The child ttight have been taught that 
hoys in ;>-ik'i:,i! are taster nimu'r:;, and this learning factor wight also 
tarilitale the second conclusion. Finally, the child night want lo be- 
lieve that hoys were better runners, and this affective factor might 
facilitate the second conclusion. Jt salience, learning, and affective 
factor*; did net facilitate one conclusion or the other, however, one 
W-uild expect that erjut I Ibrat Ion would ensue, and that the child would 
eventually favour the solution which was consistent with the greatest num- 
ber of other schemes which he activated In thinking about the problem 
(cf. C7). Put differently, one would expect that the child would consider 
both the alternatives, and that he would eventually choose the one which 
was con., intent with the greatest at.iount of relevant information* Ky this 
eiitei ton, the conclusion which would be chosen would clearly be the 
second one, since it is consistent both with the facts pointed out by 
Judy, and with the facts pointed out by Gerry. However, before one can 
predict with certainty that a young child could actually arrive at this 
cone.l usioa > one must consider the sij;pJest chain of reasoning which could 
lead hi::? to it, and the demands which this chain of reasoning would place 
on his M-powor. 

Mi c ri>-: Lu!el_ llj m ™ accj^u i s i t i on of .mi adult "proof concept " 

In order to conclude that the footrace didn't prove anything with 
t»rtai::ty, the sibjee.t wuild need an executive scheme to direct his at ten- 
ti : fir.* te pre! i;;- f ;u\;:i: ;:t .mi! t h a th- other 1 :.. n ie 



Crist' 

:>o 

si'i-l. .! «... :;.:. : . t t of utmlal Mq,; to winch such u!i executive could I'.ivr rise 
Would in- tin- fol lo-./in^;. 

Stop 1 - Collude that U-rry'.s ton., could have won, even though 

they uvrv worse runuers, simply because thoy were wearing 
running shoes. 

Stop 2 - Conclude that Gerry's tenia could have won because thoy 

were bet tor runners. 
Slip 3 - Conclude that, since there are two possibilities 

you can't bo sure which one is true. 

The following figurative and operative schemes would be required at 
each step. 

S_££il_i (Conclude that Gerry's team could have won, even though they were 
worse runners) 

^•orse'*" A flfiUratlv ° schonic representing the possibility suggested by 
Judy, that Gerry's team were actually somewhat worse runners. 

hotter A fi * ;Urattv ° Schcmo «*P«*«*-«ting another possibility suggested 
by Judy: that running- shoes are a big help in a foot race. 

Vconip. A compensation operator representing the rule: "If two 

opposing effects oppose each other, the stronger will win." 

At this stop the operative scheme Veorop. would apply on the other two 
schet:-s and generate t lie conclusion that— even though they were worse 
runners—Gerry's team could have won because of their special shoo.:. 

.?. (Conclude that Gerry's team could also have won because boys are 
bettor runners) 
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Ca..e n 
■*lferiy \;\u:t A tlguruivo scln . • »\ p recent i nj- the tvacl usloa generated 

Ih»VS V. » fr.O 

ill Step 1. 

sUrry\. A l i-ui *t i \f sch:-..« » epro.-.ent ing th.- visible lad thai (lorry 'a 
tea..: 

• u> >s t*«.-uu is comprised entirely of boys. 

Yoau.e A causality operator represent ing the rule,"H one v \vnl or 

fact proceeds anothoi, it cay ho label loci tlu- cause." 

The conclusion generated at tills stop would be that Gerry's (eon could 
have i.v:i simply because they wore hoys. Since {{ferry '« team-boys would 
l»o field-facilitated, the required M-power would be e-t-2. Note that 
{(ferry wins boys-wot*: c would still be cent rated. 

. s J&ilJ (Conclude that since there are two opposite possibilities, you 
can't be sure) 

{Gerry wins A figurative scheme representing the conclusion generated in 
boy:: worse 

Step J. 

{(ferry wins A figurative scheme representing Lho opposing conclusion 
boys -• bet ter 

generated in step 2. 
Vcertainty A certainty operator representing the rule: "If there is 
only one possibility, you can be sure; if there are two 
opposing possibilities, you can't be sure". 

At this final step, the operative scheme would apply on the two 

figurative schenes (neither of which would be field-facilitated) and 

generate the conclusion that you couldn't be sure whether or not the boys 
i 10 

were Letter runners. Again, the required rapacity would remain at e»3. 

Vmn J'iaget's work on causality and conservation (cf. 1910, IW)» 
the pre .;en« v of operators stub as jcorsip and Vcause j..ay be inferred in the 



repertoire ot uor:...il /- ami K- year-old children. The onlj other operator 
requite* 1 i Svrt.iiijiy, wliicii is nothing r:ore I ban an operational under- 
standing of th* 1 leaning of "certain" or "sure/' Given children**; adcqtt.it e 
use of this term in nori.ul discourse, it also seoiis reasonable 4 to assume 
its presence by the age of I or 

According to the general functional theory, therefore , the following 
three conditions should determine whether or not children could have 
actually followed the above thought sequence repeatedly* 

1. Whether or not they had be on exposed to indeterminate proof 
situations such as that illustrated above (cf. DI). 

2. Whether or not they were cognitivcly normal, and old enough to 
have developed an M-powor large enough to execute each step (of. 1)2) ♦ 

3. Whether or not they were field-Independent: that is, whether or 
not they were habitually high M-proeessors (cf* P3), capable of resisting 
misleading cues (cf. !>'♦)• 

If it were known that one of these conditions had not boon met , then 
the prediction could be generated that the children in question should 
not have acquired the control of variables scheme. If it were known that 
all three of these conditions had boon met, and, in addition, that children 
had actually gone (or been led) through a sequence of mental steps such as 
that iteiui/cd above, then it could be predicted that they should have ac- 
quired the control of variables scheme, that they should be able to gem-rate 
the executive routines described in the first two micro-model «, and that 
they should be able to apply these routines to problems such as Heiulji^. 
k'>?!'; nil their first exposure to the.!: (thus passing the tests with ca?w)« 
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Tne lol swl Km dc.;crlb. s a proUninary test of these prcdi ct i ons. 

IV So- • Till h inary r.sperf i..-nt al KimHn/... 
The experiment to be reported vis conducted in three phases: pre- 
testing* training, and posttcsting, Tu eliminate the possibility ol 
expectation effects, 1 ' each of those phases was kept completely distinct* 
During each pha:>e, children were interviewed by experimenters whom they 
had never seen before; the experimenters, in turn, were «;tvcn no prior 
knowledge about any child* 

The main object uf the pretesting phase was to select a group of 7- 
and 8-year-olds who were undeniably "normal 11 according to Piaget's scale 
of cognitive development , who could clearly be regarded as "high M-processors % 
and who would not bo taken in by the misleading factor which appears to be 
present in the control -of-var tables tasks (see footnote 9 )• In short, 
the t:;ain object was to obtain an experimental group which clearly satisfied 
conditions 2 and 3 above. A secondary object was to select two control 
groups: one which met condition 2 but not 3, and one which met condition 
3 but not 2. 

Cri te r ion m eas ures. The measures used to assess cognitive development 
were conservation of substance and conservation of weight. The particular 
procedure employed was as follows. Each subject was shown two balls of 
clay, and asked to make them equal in amount (or weight, depending on the 
problem). After he had done this, one ball was rolled into a sausage, and 
the subjtvt wat, asked whether or not he thought the two still contained the 
sa.ne ar.ouat (or weighed the same)* An explanation x:as requested, and 



aaMvvrs Were scored cither t) or I, depending e:i their adequacy* Yin* pro- 
cedure wa.i repeated a second t ir.e with one hall being deforced into a 
pmealr. i ii % subject:* \.vtv seoivd either 0 of 1 depend inj; on their 

answer a:u! explanai ioa. Fhrtl !y, subjects were presented with a counter- 
suggestion, that is, they were gKvn the opposite argument from the oae 
they had edvaneed and von* asked to react, to it* Once again, their answers 
were scored either 0 or 1, depending on their adequacy* The exact criteria 
used for scoring, and a wore detailed description of the standardized pro- 
cedure, are available In Pascual -Leone (1969). Subjects who received 3/3 
or 2/3 were classified as conservers* subjects who received 0/3 or 1/3 
were classified as non-conservers. 

The measure used to assess iield independence was the WiSC blocks. 
The theoretical reason for this choice was that each item demands both that 
a salient feature, of the display (the overall pattern) be temporarily 
ignored, mid that a series of mental transformations with a high >I-denand 
be executed (cf. D3, 1)4) • There were also empirical and practical reasons 
for the choice of the measure. In factor ana" *ses, the WISC blocks has 
been shown to exhibit minimal loadings on factors defined by verbal I.Q. 
item*; or by PI.age.Lion items without misleading cues, and to shox*/ a high 
loading on factors defined by Lhe Rod and Frame Test (cf. Coodenough & Karp, 
!%1; Pascual-heone, 1969; Case & Globcrson, 1974). Finally, the WISC 
blocks has the advantage of being easy to administer and score. Subjects 
who scored one standard deviation above the mean on national norus were 
classified a?: field independent ; subjects who scored one standard deviation 
Kiev; th- r.van Were classified field dependent. 



$?)\h l \ l Subjects were obtained through the coop* ration of throe 

cloi.A-nt.uy schools in the San I'r.iuchu'o Hay area, two of which served a 

high ShS .i:v,., .-ml one of which served a mi .v-d'SKS ana. All students 

in the lirst three grades wore- tested, providing Lhoy were between the 

ages of S.6 and 6.7, or 7.6 and 8.7. Three groups of subjects wore thou 

selected, according to tlu- following criteria. 

Group I (iv^20) 8 years old, field independent , and cognltively 

normal by Pi age t' i standards (i.e. eonservers 

on substance, non-con servers on weight). 

Group 2 (n^l6) 6 years old, field independent, and cognltively 

normal by Piagetian standards (i.e. non- 

c.onservors on both weight and substance). 

Group 3 (n-16) 8 years old, field dependent, and cognltively 

normal by Piagetian standards (i.e. conservers 

1 2 

on substance, non-conservers on weight). 

.?£SA£?J» Within each group, subjects were randomly assigned to one of 
two conditions: instruction or no instruction. The descriptive data for 
each group arc presented in Table 1. 



Insert Table 1 about here 



ToaHun" J'!j :s" 

The object of the teaching phase was to provide half the subjects with 
t': • oppojM <: i •' ' y to develop aac! consolidate til-- executive schei:o.s which Were 



Case 

described lu the second *•.«•»•! ion. This was done by exposing then to a 

situation anuhv.oui to Liu- foot raff oxalic, and leading them through the 

sot oi ope rut ions necessary (or understanding tin- irposslbl lit y of being 

"sure" about what had produced the result; thou by presenting then with a 

variety of similar situations in which— with the aid of the expert center's 

probing questions — they could convert this newly acquired insight into a 

well practiced routine for setting up a fair proof or for checking the 

adequacy of someone else's proof. 

Proc edure. Teachers were provided with a set procedure, and were in- 

13 

structed to adhere to it rigorously. The only modifications permitted 
were the rephrasing of any sentence which a child did not appear to have 
understood, and the repetition of any question which a child did not 
attempt to answei. The total training period was divided into four 
separate sessions, each of which was conducted on a different day. The 
activities for each day were as follows. 

On the first day, each child was presented with the set of rods and 
blocks illustrated in Figure 2a. After some practice in weighing rods on 
a balance, he was asked to see if he could figure out which of the two kinds 
of rods weighed more, without taking tne rods and blocks apart. Due to the 
misleading nature of the display, all children chose an uncontrolled pair 
for comparison. Since the dark blocks had been weighted with concealed 
metal inserts, every child concluded that the aluminum rods must weigh more 
than the brass ones. The experimenter then removed the rods, showed the 
child his error, and demonstrated that if he had picked a pair where the 
block", were identical, he would not have been fooled. Six more trials 
followed using different kinds of rod.; but the same blocks. Any time the 

Insert Figures 2 6 3 about here 



ehild conducted an uu-/o:it rol led test, the exju rltvnter asked, "ilow do yuu 
know this pair is header because uf the rod. Couldn't it just Ik- because 
ut t Ik* block?" Tne durat Ion ol t Ik 1 1 i rst session was approxiuat dy 

IK minutes. 

Oa the second day, the first demonstration vras repeated* using the 
altered array i i lust rat ed in Figure 2b* Then the. child was shown two 
balls of sinilar appearance (a squash hal 1 and a handball) and asked which 
he thought was the "bound est. 11 The experiment or did several tests, 
leaving a different factor uncontrolled each time (height of dropping, 
force of dropping* material of floor). Each time he asked the child if 
the test had been a fair one, and, ii so, what it proved* The standard 
question (How do you know it didn't (e.g. bounce higher) because it was 
(e.g. thrown harde r)?) was asked after any error. The child was also 
asked to do a few tests himself, and the standard question was repeated if 
any test was uncontrolled. The approximate average duration of this session 
was 14 minutes. 

On the third day, each subject was presented with a factorial set of 
eight small rollers varying in material, external diameter, and internal 
diameter. He was givun five minutes to determine which of the eight rollers 
would rol] down an inclined plane the fastest. Then he was asked if he 
thought each factor "made a difference," and, if so, to do a fair test to 
prove it. Again, the standard question was asked after any uncontrolled 
test. The experimenter then did several negative counterfeits of hi.*; own, 
again a.:!: lag the standard question if the subject agreed that the test was 
a goo- 1 one. The experimenter also provided a verbal definition: "if you 
can 1 ! be it hippmed, tb.-p i* f:;n f t a fair proof." Tin* approximate 
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average duration of this session ims 11 minutes. 

On tin* fourth tliy, the rod and Mock donotist rat io:> was reviewed, 
usiiv, the virtual nr»\i> Indicated hi I'igure Ue. Then subjects wo Co shown 
an array of chips varying along the foil owl lift dimensions: material, 
diameter, position of hole in center, and uivv. of hole in center. They 
were asked to test Lhroo of those factors separately, to see it each 
affected the. speed with which a chip would sink down a long plexiglass 
tube filled with water. The standard question was asked following incor- 
rect tests, and a countcrtcst was presented by the experimenter after 
each test of the child's. Any failure to detect the uncontrolled dimen- 
sion was again followed by the standard question. The approximate dura- 
tion ef this session was 14 minutes. The apparatus is illustrated in figure 3. 

Teachers. Two different teachers were used, one male and one female. 
Each was a graduate student in education, with some previous experience in 
teaching young children. Within each school, each teacher taught approxi- 
mately half the subjects in each experimental cell. 

Post test, i ng Phase 

The first object of the post testing phase was to determine whether 
subjects could transfer what they had learned to new situations, when Miese 
were presented to them by new experimenters. The second object was to 
determine whether subjects could retain what they had learned over a two- 
month period. The third and final object was to determine whether any 
subjects in the field independent, 8-year-old groups could be said to 
possess the "combinational structure" described by Inhelder & Plaget <1958). 

Procedure. The first week after the teaching had been completed, 
each child (both instructed and non- Inst rue ted) w.»s tested individually on 



landing Hods, and on a parallel tost called Spinning Wheels. Kaeh t»-.;t 
took about \'> riant es to administer , and each was presented on a different 
day. Order of p iv:. en tat ion was counterbalanced. 

During the seventh and eighth weeks after the teaching was completed, 
each child was rousted on Bond ing Kodn. Tho field independent 7- and 8~ 
year-oldj were also tested on a variation of Inhelder & Placet's &»j^*L££L£S& 
problem. Tho details oC tho test adnini strati on are summarised below. 

Criteri on tests . The apparatus for Bonding Kods has already been 
described (see. Figure 1). Each subject was seated facing the rod-holder "end 
on," with the experimenter seated beside hlra and the scoring sheet concealed 
behind the apparatus. The task was introduced as follows. 

"These are supposed to be fishing rods, and these are supposed to be 
fishing traps. First of all, I'd like you to put some traps on this rod so 
that the traps are in the water, like this (demonstrating), and so that the 
red is just touching the water, like this (demonstrating)." Since the rod 
which the experimenter selected was quite stiff, the subject had to place 
several traps on it before he succeeded in getting it to touch the water. 
When he had finally succeeded, the experimenter asked, "Why do you think it 

bent more when traps were on it than when only one trap was on it?" 

After the. subject had answered, the experimenter either asked him to suggest 
another reason (if he was wrong) or continued as follows, "Good, iv could 
be that the more weight you put on a red, the more it bends. What about 
this rod (identical except for material)? Can you get it to touch the 
water?" When the subject had succeeded, the experimenter asked, "Why do 
you think it bent more easily?" Once again, the experimenter reinforced 
and repeat e.1 th<- subject answer, if it was: correct (e.g. because ft. is 
wooden), or else probed and guided the subject until he cane up with another 



nm;v.vr. In t h sa:- • t.u;hto:i, the subject wis led to the discovery of 
the iv:\ lii.Iu*; three \ar i .ibles, namely length, diameter, and "point of 
leverage." * At the end ot" the pret ra in i ug, thf e\j>er ir.:euter suim:* a fixed 
the imbjecl *s i hidings, u ;ing the subject *s own wording as i\ueh as 
possible. 

The subject Wai? introduced to tho testing as follows, "OK, 
now let's do somvthing a bit different. Suppose that 1 don't believe 
that Jong rods bend more easily than short rods. What could you do to 
prove it to no? Show me a fair test to prove that long rods bend more 
than short rods." After the subject had performed an experiment , any 
dimensions he failed to control were noted, and the experimenter did an 
uncontrolled experiment, saying, "OK. (placing medium weight on rods #1 and 
#4)., Would this be another fair way to prove it? Does this prove that 
long rods bend more than short rods?" if the child replied that it did 
•not, the experimenter asked, "Why not? 1 * 

The sane procedure was repeated for each of the five variables: the 
child was ashed to do a test of his ova and then the experimenter pre- 
sented a negative countersuggestion. The negative countersuggestions 
were constructed with the following constraints in mind* (1) One variable, 
and only one variable was uncontrolled. (2) Although one variable was un- 
controlled, the observed effect never provided a clue that this was the 
case (r-'.g,, the long rod did not bend less than or the same as the short rod). 
(3) The variable which x^as uncontrolled was never one which tho subject 
h ul investigated in t\v> immediately preceding trial. (A) In the course of 
I lie five, trials, each of thf five variables wa;; uncontrolled once. 



Filially* at ivo point:: during the testing period (Trial 1, after tho 
uogat tw eoiuuersuggest Uut % and Trial 3* before tho negative count cr- 
suggest ion) * tho oxj»e r i r.eut i r also presented a J^*ltjvc count or suggest ion. 
Sinoo the purpose of these positive couutersuggest ions was simply to 
prevent tho subjoct fro::; developing a sot to object to any test suggested 
by tho experiment or* his response to those questions v;as recorded but not 
actually scored. No feedback was provided us to the "correctness" of any 
response* even if such feedback was requested* 

The subjoct received J point, for every test of his own which was per- 
fectly controlled* and J point for every negative couutersuggest ion to 
which he objected with an adequate explanation. The criterion for adequacy 
was that tho subject label the uncontrolled variable* and make some mention 
of its possible confounding effect. Since there were five independent 
variables to be tested* the maximum total score was therefore 10. A score 
of 8/10 or better was used as a conservative criterion for success; a 
score of 5/10 or better was used as a liberal criterion for success. 

T }ie Spinning Wheels task was formally identical to Bending Rods . The 

1 5 

only differences were (1) in the variables investigated* and (2) in the 
nature of the familiarization period. In the Spinning W heels test* the 
experimenter never presented subjects with a situation during the introduc- 
tion where every possible variable but one was controlled. 

The Combinatio ns test which was administered is based on the one 
originated by Piaget & Inhelder (1951) and is described in detail by 
Pascual-Leene (i960). Children were told a story about alchemists* and 
presented with chips of five different colors (supposedly representing five 
different r.fnerals). They were told that th:- object was to figure out every 



t0j ' i "' **'«* tvM U,,n heated In an „,,,,. 
Aft.u *.* *,,„„,,., .„ vh.eh «l„l. 1( u,„ of th , dllp- ^ „,,,»„,..,,_ su!> . 
j-'t, were asked „. u .,., u . lloul (or <licta(i>) al| (| ( , :iMii;iUon ; h j 



found. 



tU ° both of who;, were fcale. Ulthtn 

each school, each .,,u, tested approx- Im tely half of the subjects „, , ach 
of the six experimental colls. 



Predictions 



It will be remembered that -according to the models developed In 
Section* II and Ul-the following conditions were held to be necessary 
and sufficient lor consistent success (across prob.es a „d over time) „„ 
control of variables problems. 

1. An appropriate repertoire of schemes (in particular, an appropriate 
executive). 

1. An M-power of at least e+3. 

3. A tendency to use this M-power to its fullest, and not to be dis- 
tracted by any misleading cues. 

Given the basic postulates of Pascual-Leone's theory, the following 
predictions were therefore advanced. 

1. The field independent, 8-year-old, instructed group would pass 
both the Immediate and delayed posttosts involving the control of variable,, 
even though they failed the test of combinations, this prediction was ^ 
because -this group satisfied all , hr ,. c of the ahow co „ ultion!1 . 

2. The field independent, 6-year-old, instructed group would not pass 
any of the lm^ Sat ,. or duUyc<! poMtotU( own thoug|i ^ ^ ^ ^_ 

posed to the treatment. This prediction was made because this group failed 
tt. satisfy condition 2. 



3. So'::e r.e:hetv of the Hold independent, 8-year-old, uninst ruct ed 
group wi;«.!»t pass the i :..:::ed t at e posttcsts. Whatever this proport ion , it 
would not decrease o:i the delayoJ post tests anil, lit Tact, might well 
increase. This prediction was r.tade because thin group satisfied condi- 
tions 2 and 3, and its status with regard to condition .1 was unknown. On 
the delayed post Us I, it was at least known that the group had had two 
occasions to construct an appropriate executive scheme, namely those 
occasions provided by the immediate post tests. 

A. The performance of the field dependent, 8-year-old, instructed 
group would be intermediate between that of the other two instructed 
groups. This prediction was made because of the presumed failure of this 
group to satisfy condition 3. 

Results 

As may be seen from an inspection of Tables 2 and 3, the pattern of 
results was exactly as predicted. 



Insert Tables 2 and 3 about here 



A. For the instructed group: 

1. Kven by the most conservative criterion, eight of the ten 
field independent 8-year-olds passed each of the immediate post tests. 
This proportion showed no decrease, on the delayed posttest. 



2. Kvu-n by the :..ost liberal criterion* only one of the t.-n 
field independent f»-year~ol dr. passed either of the ita:.;ediate post- 
tests* This proportion showed no increase on the delayed postteit. 

3. J>y either criterion the proportion of field dependent fc-year- 
olds who passed the immediate post tests was lower than the proportion 
of field independent 8-year-olds who passed* This pattern was main- 
tained on the delayed posttcst and, as is shown in Tabic 4, was 
statistically significant even when differences in verbal I»Q* were 
controlled through analysis of covariance. 

Insert Table A about liere 



B. For the un instructed groups: 

1. On the immediate post tests, no group achieved a majorit y of 
successes by the conservative criterion; however, by the liberal 
criterion, and on the S pinning Wheels test, six of the ten field 
independent 8-year-olds succeeded* 

2. On the delayed posttest, six of the ten field independent 8~ 
year-olds succeeded, even by the nost conservative criterion. This 
proportion was significantly higher than that achieved by either of 
the other two group:; (Fisher Kxact Test: p « .053 8 yrs* FD; p ~ .026 
6 yrs. PI). 

C* On the Combi nations Tci*i*L : 

1. Neither of the field independent 8-year-old groups shoved any 
evidence of a combinational procedure. 
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2. YiuTf \m* no significant diltetvnce between the itv*t meted 
and untn.it ru. t v! group.: in the Mean tuuuber of combinations generated 
(U. <'♦/.*! : h:*.t rtu-u-«l; I \. % if M : uuinst ructed). 

V Discussion 

At the beginning of this article, it was pointed out that Pascual- 
Leone's theory of development is not intended to replace Placet's, but 
merely to make tt fjwoi ionaL Its goal is to provide an adequate account 
of the mechanises by which Piagetian competencies are acquired and utilized* 
Given the nature of the results which were successfully predicted, however, 
it seems worthwhile to raise the question of whether the two theories are 
really as compatible as was claimed. Can Fiagctian theory accommodate it- 
self to the fact that certain format problems can be solved with insight 
before certain concrete problems: that a formal substructure can be ac- 
quired at the beginning of the period of concrete operations, and before 
the acquisition of the formal superstructure of which it normally forms a 
part (the combinational system)? 

The answer appears to be that it can. 

The traditional Piagetian position with regard to structural learning 
is quite simple* It acknowledges that such learning can occur, provided 
(a) that subjects already possess the structure in question, at least in 
some preliminary form, and (b) that the external conditions are such as to 
produce internal disequilibrium (cf. Piaget, 1964; Inhelder & Sinclair, 
.1971). Since both these conditions appear to have been satisfied in the 
present study,*** it is not difficult to explain the general form of the 
results from a traditional Piagetian perspective: The group which had a 
preliminary grasp of the structure consolidated it; the groups which had 



no preli: in ;ry gra ij» o! the structure : aJe n<> pruiuvn:i« The only quest ion 
which tv: Mini i s h >v tlu* lield independent 7- and 8-year-otd;5 managed to 
ucquiiv a pivlii gt\i .p »»l tin rontro] of variables structure to begin 

t^/ith. Here the a:u»v.vr appears to lie, as with the theory proposed by 
Pascuul-l.f on^, In the (list I not ton between an analysis which is purely 
structural and an analysis which also considers the operations by which 
structures arc acquired and utilized. From a purely structural point of 
vitv, the control -of- variables scheme is indeed a formal one* As Inhulder 
and Haget have pointed out (1958, p. 62), it involves the whole interpro- 
posit tonal combinatorial system* However, from a functiona l- structural 
point of view, the same scheme could be considered either formal or concrete 
depending on the operations which were involved in its acquisition and 
utilization. 

To appreciate how the control-of-variables scheme could be acquired by 
means of concrete operations, consider the footrace example once again. 
The understanding that the race does not constitute an unequivocal proof 
depends largely on the realisation of one simple fact: that the boys could 
have won even though they were slow er runners, due to the assistance they 
received from their special running- shoes. In turn, the realization of 
this fact depends on one simple mental operation: a multiplication of 
inverse relations (A* x B| * Alii where A represents the effect of the boys 1 
bodies, B represents the effect of their shoes, and the arrows represent 
the magnitude and direction oT these effects). Since this operation is by 
cit fin it ion a concrete one (IMaget's Grouping VIT) one would expect that 
repi-atcd exposure to situation;; such as the footrace argument would lead to 
•'concrete" control of variable:; schene. 
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To appreciate how this s:u:e sehcs:.e could be uL iiifccd to solve more 
coi:.pl iott I'll proof probh;::s, consider the fact that although a subject nu*y 
h ive to select a pair of objects iu which tour extraneous variables nay 
he uncontrolled, he does not necessarily have to think of all foux of 
these variables simultaneously. He can consider each possible pair of 
objects as though it were constituted by a number of sets of simple two- 
variable items. If the task is to establish the effect of A in the face of 
other possible effects BCi)K, then any salient uncontrolled dimension in 
the potential object pair constitutes a valid (and adequately understood) 
reason for rejecting that pair. In exactly the same manner as he rejected 
the footrace as a proof, the subject who notices that (for example) D is 
uncontrolled, can t hero fere justify a rejection of the proof. He can 
simply reason that the positive result may not be due to 
the positive effect of A, but rather to the over-compensating effect of D 
(A* x \)\ « Aur). 

Clearly, the distinction between the structural aspects of a theory and 
its functional aspects is an important one. For, although Piagetian theory 
can exp l a in the results obtained in the present study, it would certainly 
not have predicted them. In the absence of a sharp distinction between 
structure and function, the roost obvious prediction to have made from 
Piagetian theory would have been just the opposite from that which was made 
on the basis of Pascual-LeoneVs theory. It would have seemed much more 
obvious to predict that the control of variables scheme could o nly be ac- 
quired by as ft tut lat ion to, or in conjunction with, the global logical 
structure of the formal operational period. In fact — although it is by no 
r-.MU:. c-*:it r.t 1 to their theory — thh; is exactly the sort of assertion 
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lnhclder & Piaget haw tonally i-uule in the past. 

Whereas the stage 11 [com: rote] suhj.H-t compares 
any rod ub.tU-ver to any other, I i lai L injj; hitiSflf to 
a statement of tho most obvious relations, the stage 
III {formal] subject understands that if he is to 
establish a given relationship, it is important to 
select certain pairs of rods rather than others. 
(Inhelder & Piaget, 1958, p. 58). Only at 14-15 
years can subjects spontaneously organize and utilize 
[this method of verification) without error, (ibid., 
p. 60). ... the process of verification, based on 
the schema "all other things being equal," is com- 
plex and actually involves the whole interproposi- 
tional combinatorial system (ibid., p. 62). 

Interviewer: What if the teacher were to demonstrate 
the experiment [i.e. the verification 
method j to the class? 
Piaget: It would be completely useless. The child 
must discover the method for himself. 
... (Hall, 1970, p. 30). 

Two conclusions, therefore, may be generated on the basis of the re- 
sults obtained in the present study. 

1. The first is that the acquisition of any particular item of know- 
ledge does not depend on the match between the formal structure of that 
knowledge and the formal structure of the knowledge which the child already 
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possesses. Rather, it depends upon the natch between the pragmatic 
structure of the situation in \A\\vU th«- child first has a chance to con- 
struct that particular ile;:. of knowledge, and the luactiunal limitations 
of his thought processes at the sta.>» in his .life when he first encounters 
such a situation* 

2. The second is that, because Pascual-Leone 1 s theory of development 
concentrates more heavily on functional mechanisms than does Piaget f s, 
it is capable of generating performance models of somewhat greater pre- 
dictive power* 

In the present study it was shown capable of predicting the a^e at 
which a particular structure can be constructed on the basis of a partJcular 
sort of experience , as well as the kind of su bject for which this is true. 
In other recently completed studies it has also been shown capable of 
predicting the presence or absence (a) of horizontal decalage (cf. Pascual- 
Leone & Smith, 1969; Pascual -Leone, 1973), and (b) high inter-task correla- 
tions among stage-related tasks (cf. Toussaint, 1972, in press)* Given 
the difficulties which such phenomena have traditionally presented for 
developmental psychology in general, and Piagetian theory in particular, 
the functional approach. suggested by Pascual -Leone f s theory seems particu- 
larly promising. 
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footaOi»:s 

1. The pilot test in*; for thin project and the preparation of the original 
proposal vere supported by a grant from the Cor.anittoe on Research of the 
University of; California, Berkeley. The author is indebted to Xmar Globerson 
and Bart Body for thoir help in all phases of the present study; to Bob Kahn, 
Meg Korpi, and Wayne Ilaserot for their help in collecting the data; to Paul 
Amnion, John Biggs, John Flavell, Juan Pascual-Leone, Alan Newell, and William 
Rohuer for their comments on a previous draft of the manuscript; and to 

Bev Hash for her help in preparing it. 

2. The text of this report is identical to an article which will appear in 
Cognitive Psychology , 1974 (Fall). The material in the appendix, however, 
does not appear in the article and is included for the benefit of those who 
might wish a more detailed understanding of the procedures. 

3. Although this is the intent, the construct clearly bears an even more 
striking correspondence to what information theorists have labeled "working 
memory" (cf. Norman & Lindsay, 1972). 

4. Since this scale plays a central role in the theory, it is worthwhile 
mentioning that considerable evidence has already been obtained in its 
support (cf. Parkinson, 1969; Pascual-Leone, 1970; Case, 1972» 1974* 
Toussaittt, 1972 >in press; DeAvlla, 1973; Scardamalia, 1973, 1974). 

5. For data which support this interpretation, see Pascual-Leone (1969), 
or Case & Globerson (1974). 

6. it is axiomatic to Piagct's theory, for example, that knowledge may be 
classified as "figurative" or "operative," and that the formation of n 
structures depends as much on a fluid's general level of "operat ivlty" as 
it does on his specific: experience (Piagel, 1970). 
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7. tor tho balance of thin paper, the symbol p.»i C?) will bo used to 
tKn^tf «n ope rat l\v sdm-; the synbol phi (v) will bo used to denote a 
figurative scheme. 

8. The necessity for the constant activation of <J>loag-more steum froia the 
fact that the subject's search is field-directed. Since the subject is, 
in effect* scanning for any salient difference whatever between the two 
rods, he must remember which difference, when detected, does not call 

for a rejection of the proof as unfair. 

9. The factor which might be misleading is the criterion question itself, 
which explicitly draws the subject's attention to the relationship between 
the two variables mentioned (e.g. length and bending) and thus render a the 
variables not mentioned (i.e. the crucial ones) less salient. 

10. Note that if subjects did not have a tendency to activate all the 

schemes relevant to the conflict (C7) or if they had insufficient M-power 

to "carry forward" #Gerry wins, precisely the opposite conclusion would 

boys*»worse 

be generated. 

11. The importance of controlling for expectations in Piagetian research 
is discussed by Kamii & Derman (1971). 

12. Since the criterion for field dependence was a score at least one S.D. 
below the mean on the WISC blocks, readers in the psychometric tradition 
might prefer to label this group as being low in "analytic intelligence." 
They should note, however, that the group was still \*ell above average in 

verbal intelligence as indicated by their scores on the Stanford-Binet (see Table 1) . 

3 3. A detailed account of this procedure is presented in Appendix A. 

K. "Point of leverage" refers to the dlntancc fro:;i the baseboard to the 
point at which a weight is placed. In Inhclder & Piaget's (1958) original 
procedure, cros sectional shape was used as the fifth independent variable; 

O 
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the change in the present experiment was introduced purely for reasons of 
convenience, 

15* The dependent variable was the relative length of Lime two marbles 
remained on a spinning wheel • The independent variables were the size, 
shape, and material of the marbles, the size of the holes on the wheel 
(in which the marbles were placed), and the distance of these holes from 
the center of the wheel. 

16. The performance of the high M-power, 8-year-old, uninstructcd group, 
particularly on the second posttest, may be taken as evidence for some preliminary 

presence of a "control of variables" structure; the constant introduction 
of an opposing interpretation by the experimenter may be presumed to have 
produced "disequilibrium" in the instructed group. 



Dr. Robbie Case 

Institute of Human Learning 
University of California 
Berkeley, Calif. 94720 
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Tab If A 

Analysis of Covar lance for 8-year-old Groups: 
Effect of l.Q. Eliminated 



Measure 


Source 


Mean Square 


K (3,33) 




(KB) 




A. 17* 


Bending Rods 


Field Dependence 


28.1 


(Immediate Posttest) 






7.7** 




Instruction (I) 


52.1 




FD x I 


15.7 


2.3 


Spinning Wheels 


FD 


68.7 


9.4** 




I 


95.9 


13.1** 




FD x I 


.01 


0 


Bending Rods 


FD 


55.9 


8.1** 


(Delayed Posttest) 




49.4 


7.2* 


I 




FD x I 


3.5 


.51 



*p<.05 
**p<.01 
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Ai-i ••.•!!:; A: P.«t«IleJ 'lo.uhin,. Pnuvdure 

Day 1 

K: THIS IS A BALANCE, HO YOU RtftlZlBKR HOW IT WORKS? 
S: VKS. 

E: O.K. CAN YOr I'SK IT TO TELL ME WHICH WEIGH MORE, CRAY RODS OR WHITK 
RODS? 

(K places 2 wood and 2 steel rods in front of S}.. 
S: (Putting the* on the balance) THK GREY ONES WEIGH MOST . 
K: COOP, NOW HERE'S A TRICKY QUESTION. (K places the blocks in a 

misleading position in front of hin). WHICH WEIGH MORE, ORANGE RODS 

OR SILVER RODS? (If S starts to take them apart, tell him he is not 

allowed. Make sure he also uses the balance). 
S: THE SILVER. 

* E: SO YOU THINK THE SILVER RODS WElCH MORE, LET' S SEE IF YOU * RE RIGHT. 
WHICH SIDE SHOULD CO DOWN? 
S ; Thii» one 

E: (After dewonst rating). HOW DO YOU THINK 1 FOOLED YOU? 
S: 

E: THAT'S RIGHT (or if S cannot figure it out) FEEL THESE BLOCKS. I 

FOOLED YOU BECAUSE THIS BIX)CK WAS SO HEAVY THAT IT PULLED THE BALANCE 
DOWN (gesture) AND MADE THE SILVER ROD LOOK HEAVIER, EVEN THOUGH IT 
WASN'T. 

E: NOW I'M GOING TO ASK YOU A TOUGH QUESTION. CAN YOU THINK OF THE WAY 

TO DO THE TEST, SO YOU WON'T GET FOOLED BY THE BLOCKS. 

(If S says "take them apart" say "GOOD I IS THERE ANY OTHER WAY?" 

If he figures it out, praise him otherwise, read next bit). 
E: YOU SHOULD PICK TOO WHERE THE BLOCKS ARE THE SAME. (Demonstrating) 

SEE, WHEN THL BLOCKS ARE THE SAME, (Point) IT DOESN'T FOOL YOU. THE 

SILVER ONE DOESN'T LOOK HEAVIER. 
E: (Taking them apart and replacing them on scale). NOW PAY ATTENTION 

CAKr.FP.LY AND I'll. EXPLAIN WHY THE BLOCKS HAVE TO P.F. THE SAME. 
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Step ( ) K: (Put rcda en. Then v*k). WHICH IS HEAVIER'.' 

s: oxaxgk. 

( ) K: RIGHT. (Put some blocks on - sny) SEE. WHEN THK BLOCKS ARE THK SA>?K THE 
ORA.\*CK ONE STILL LOOKS HEAVIER. THK BLOCKS DON'T FOOL YOU . 

( ) K: EVEN IF 1 USE THESE TWO, IT DOE8N * T FOOL YOU BECAUSE THEY'RE ST1U_ 
THK SAME. 



( ) K: BUT WHAT HAPPENS WHEN I PUT TWO DIFFERENT ONES ON. SEE, IT DOES 

FOOL YOU. IT MAKES THE SILVER ONE LOOK HEAVIER, EVEN THOUGH IT ISN'T 



E: IT ALWAYS WORKS THAT WAY, IF YOU MAKE THE BLOCKS THE SAME, THEN THEY 
CAN'T FOOL YOU. YOU CAN TELL WHICH ROD IS HEAVIER. BUT IF YOU DON'T 
THEY CAN FOOL YOU. 

E: NOW SHUT YOUR EYES, AND I'LL CHANGE THINGS AROUND TO SEE IF I CAN 
FOOL YOU AGAIN. 

#2 BRASS VS. SILVER 
#3 BRASS VS. COPPER 
H BRASS VS. WOOD 
#5 WOOD VS. STEEL 
#6 STEEL VS. BRASS 
#7 STEEL VS. COPPER 

If S makes a mistake at any time, recycle to *. If S goes for one par- 
ticular color at any time, extract one of them. Discontinue vhen 7 
arc fin* shed or when 20 minutes are up and note the number of correct 
vs. incorrect items S obtained. 
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(J) K: DO YOU R131EMBER WHAT WE DID WITH THE BLOCKS? 
S: YES. 

E: (If S failed). WELL, WE'RE GOING TO TRY A FEW MORE WITH THEM. 

Ef (If S passed). WELL, TODAY I HAVE THEM FIXED SO I'M ALMOST CERTAIN 
1 CAN FOOL YOU. DO YOU THINK I'LL BE ABLE TO? (smiling) 

S: YES OR NO 

E: O.K. WELL LET'S SEE. WHICH WEIGHS MORE? 

1. COPPER VS. SlgEL 

2. BRASS VS. STEEL 

3. BRASS VS. ALUMINUM 

4. STEEL VS. ALUMINUM 

5. BRASS VS. WOOD 

(In each of the above examples, place the underlined rod at the base in 
the formation shown in figure 2b. Alternate between a dark and light 
block at the base). 
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(If S picks two where the blocks are different recycle to the old ex- 
planation. If he is correct, praise him and go directly to the new 
example. If he picks two where the rods are the same, continue). 

E: LISTEN TO MY QUESTION AND LOOK AT THE RODS. WHICH WEIGHS MORE 

ONES OR ONES? (If he does not realize his 

error after a few repetitions, ask) I SAID WHICH WEIGHS MORE 
ONES (pointing) OR O NES? (pointing). 
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IS THAT A ONE? NO. IT ISN'T. YOU IIAVK TO BE CAREFUL 

TO ANSWER MY QUESTION. (Replace pattern as was and repeat). NOW, 
WHICH WEIGHS MORE ONES OR , ONES? 



(2) E: NOW LET'S TRY SOMETHING DIFFERENT. FIRST OF ALL, FEEL THESE TWO BALLS. 
(Giving them to S) . DO THEY FEEL THE SAME? 

S: IIO 

E: (Taking them back) . RIGHT (or not quite) THE RUBBER IS NOT QUITE THE 
SAME. THE RUBBER IN THIS ONE IS HARD AND THE RUBBER IN THIS ONE IS 
SOFT. WHICH KIND OF RUBBER DO YOU THINK BOUNCES BETTER, HARD RUBBER 
OR SOFT RUBBER? 



* E: O.K. I'M GOING TO DO A TEST. (Drop on* on carpet, one on sponge; 
both from same height. Make sure the good bouncer hits the bad 
material. Hold them in your hands after you catch them, at the appro- 
priate height). THERE, WAS THAT A FAIR RACE? DID THAT PROVE THAT THIS 
RUBBFR (indicating) BOUNCES BETTER THAN THIS RUBBER? 

If S is correct follow (1) below, if not, follow (2) below. 



(1) * E: WHY NOT? 

S: YOU BOUNCED IT ON THE PILLOW. 
E: WHAT'S WRONG WITH THAT? 
S: ? 

E: GOOD, IT'S NOT FAIR BECAUSE THE PILLOW COULD BE MAKING IT LOOK LIKE 
A BAD BOUNCER, EVEN THOUGH IT'S NOT. LET ME TRY AGAIN. 
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Continues from star for 

(2) height uncontrolled 

(3) force uncontrolled 

(4) fair test 

NOW I WANT YOU TO DO A TEST (Hnnding him 3 balls) . SHOW ME THAT BALLS 
WHICH ARE DROPPED FROM HIGH UP BOUNCE MORE THAN BALLS WHICH ARE DROPPED 
FROM LOW DOWN. 

(If S gets it praise him, and terminate session, if not say: 

OH, OH, THAT WASN'T A FAIR TEST, HOW DO YOU KNOW THAT IT DIDN'T BOUNCE 
LOWER BECAUSE OF THE RUBBER, NOT BECAUSE OF THE PLACE IT STARTED FROM? 

ARE YOU SURE THIS ONE BOUNCES HIGHER? 

YES 

YOU TRY. (removing pillow). 

HOW COME IT BOUNCED HIGHER THIS TIME? (With prompting). BECAUSE IT 
DIDN'T DROP ON THE PILLOW. YOU SEE, IT WASN'T A FAIR TEST BECAUSE THE 
PILLOW WAS SLOWING THIS ONE DOWN. 

Repeat test 

(2) height uncontrolled 

(3) force uncontrolled 

(4) fair test 

As soon as S gets one right, shift back to *. 



Day 3 

E: TODAY WE* RE COINC TO BE WORKING WITH THESE ROLLERS, BUT, FIRST OK ALL, 
I'D LIKE YOU TO SEE IF YOU CAN FIGURE OUT WHICH ONE IS THE FASTEST. 
HERE, YOU TAKE THEM, ROLL THEM DOWN THE HILL, AND SEE WHICH ONE IS THE 
FASTEST. 

(Answer any questions JS may have at this point about how he is allowed 
to do it) 

E: TELL ME, WHICH DO YOU THINK ARE FASTER, THE GREY ONES OR THE ORANGE 
(brown) ONES? (Wait for S to respond). AND WHICH DO YOU THINK ARE 

* r r 

FASTER, THE BIG ONES OR THE LITTLE ONES? (Wait for j> to respond) . 
AND WHICH DO YOU THINK ARE THE FASTEST, ONES WHICH ARE FILLED WITH WAX 
OR ONES WHICH ARE EMPTY? 

E: ARE YOU SURE THAT THE WAX ONES ARE FASTEST? 

* E: SUPPOSING I DIDN'T BELIEVE YOU, HOW WOULD YOU PROVE IT TO ME? 
(If S is wrong, go to (2). Otherwise continue from (1) 

(1) E: GOOD, WOULD THIS BE ANOTHER FAIR WAY TO PROVE IT? WHY? 
(If $ is incorrect, go to (3), othe.-wise continue). 

E: GOOD! IT WOULDN'T BE A FAIR TEST (race) TO SEE IF THE WAX WAS MAKING 
IT GO FASTER, BECAUSE IT COULD BE THE SEE WHICH WAS MAKING IT GO FASTER. 
YOU COULDN'T BE SURE. 

E: LET'S TRY THIS ONE NOW. YOU REMEMBER YOU TOLD ME THAT 

(ii) BIG ONES ROLL FASTER THAN SMALL ON'iS. 

(ill) LIGHT ONES ROLL FASTER THAN GREY ONES, 
(copper) (iron) 

LET'S SEE YGU PROVE IT. REMEMBER! MAKE SURE IT'S A FAIR TEST. 

(Continue as from * for both ii and iii. Note how many tests and how 
many countersuggestions j> gets correct) . 

9 
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(2) K: WFY 1)0 YO!* THtsJK 111 IS (»::K WON? 

(If f> says because it has was). 

K: WELL, HOW DO YOU KNOW IT DIDN'T WIN BECAUSE IT WAS BIGGER? I WANT YOU 
TO PROVE THAT IT WILL STILL WIN, EVEN IF IT'S NOT BIGGER. TRY AGAIN. 
REMEMBER MAKE EVERYTHING ELSE THE SAME SO WE FIND OUT WHAT DIFFERENCE 
THE WAX MAKES. 

(If $ says because it has more wax and it's bigger). 

E: DOES BEING BIGGER HELP IT GO FAST TOO? (Pause). THEN THAT'S NOT FAIR! 
MAYBE THE SIZE IS FOOLING US LIKE THE BLOCK DID ON THE BALANCE. MAYBE 
THE WAX ONLY LOOKS FASTER AND REALLY IT'S SLOWER. HOW COULD YOU TEST? 
(If necessary) MAKE THEM THE SAME SIZE. 

(3) E: OH, OH, YOU LET ME FOOL YOUi THIS ISN'T REALLY A FAIR TEST AT ALL. 

LOOK, (pointing) HOW WOULD SOMEONE BE SURE THAT THIS ONE WENT THE 
FASTEST BECAUSE IT HAD WAX IN IT. IT COULD BE JUST BECAUSE IT WAS 
BIGGER • FOR A FAIR TEST, EVERYTHING HAS TO BE THE SAME. LET'S TRY 
ANOTHER; WOULD THIS BE A FAIR TEST (leave material uncontrolled - 
repeat explanation if S is incorrect, then go back to *. Go directly 
back to * after congratulating him, if he is not incorrect). 
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p ay A 



K: BEFOUL WE START WORKING W1TU THESE TUBES OF WATER, I'D LIKE TO SEE IF 
YOU RFIEMBER WHAT I TAUGHT YOU WITH THE BLOCKS. COULD YOU SHOW ME 
HOW *.OU COULD FIND OUT WHICH WEIGH MORE: RED RODS OR BLUE RODS? 



(Arrange Rods and Blocks as in Figure 2c) 



(If S starts to make a mistake say either - REMEMBER I'M ASKING YOU 
ABOUT RED RODS AND BLUE RODS or REMEMBER, YOU'VE GOT TO PAY ATTENTION 
TO THE BLOCKS, TOO, SO THAT THEY DON'T FOOL YOU). 

(If J> fails, go through the usual explanation and give hiro 

(2) yellow blue 

(3) yellox* red 

then on to what follows. If £> passes, go on directly to what follows. 

E: GOOD, NOW DON'T FORGET, BEFORE YOU TEST ONE P/RT OF ONE THING (gesture) 
AGAINST ONE PART OF SOMETHING ELSE (gesture), MAKE SURE THAT ALL THE 
OTHER PARTS ARE EXACTLY THE SAME. MAKE SURE THERE'S NOTHING ELSE 
ABOUT THEM WHICH COULD TRICK YOU INTO THINKING THE WRONG THING. 
(Set up apparatus as in Figure 3) 

E: SEE HOW THIS WORKS, WE DROP CHIPS DOWN LIKE THIS, SO WE CAN SEE WHICH 
SINKS FASTEST. NOW FIRST OF ALL, I WANT YOU TO USE THESE ONES TO FIND 
OUT WHICH SINKS FASTEST 

(etc. as indicated on Figures A, 5, and 6). 

For any error haul it back up and say you said. X sinks faster than Y, 
but how do you know etc.). 

For any correct response, provide a counter suggest ion. 



List ol Figures 



Figure I. 



Bonding Rod:; Apparatus 



Rod 1: wood, 13" x 2/16". 



Rod 2: brass, 20" x 3/16". 



RoJ 3: brass, 10" x 1/16". 



Rod A: wood, 20" x 2/16". 



Rod 3: wood, 16" x 5/16". 



Rod 6: brass, 6" x 1/16". 



Rod 7: brass, 16" x 2/16". 



Rod 8: wood, 20" x 3/16". 



Rod 9; brass, 10" x 1/16". 



Rod 10: wood, 16" x 2/16". 



Figure 2. The Layout of Rods end Blocks for Training. 
Figure 3. Apparatus Used for Sinking Chips Demonstration. 

Legend: R - rubber band holding brass rod in center of tube 
W - water level inside plexiglass tube 

B - brass rod to insure that chip sinks to bottom without 
flipping on its side. 

S - seal preventing water from escaping, and holding bottom end 
of brass rod in position. 
WB - wooden blocks holding plexiglass tubes in position. 

P - plunger designed to retrieve chips after they have fallen to 
bottom of tubes. 

T - threads used to lift up plunger. 

Note 1. Chips are placed on brass rod so that both threads 
and rods pass through their centers. 

Note 2. Both rods are fitted with threads and plungers. 



Those have been omitted from the left-hand rod in the 
present diagram for the sake of visual clarity. 



C - gate designed to start chips down each tube simultaneously. 
A chip is placed over each rod and laid to rest on the 
starting gate as indicated on left rod. At the starting 
signal, the gate is jerked out in the direction of the arrow, 
with the result that both chips hit the water simultaneously. 
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List of Figures (cont.) 

Figure 4. Layout of chips for trial 1. (Question: Do big ones sink faster 
than little ones?) 

Figure 5. Layout of chips for trial 2. (Question: Does the size of the hole 

in the middle make any difference?) 
Figure 6. Layout of chips for trial 3. (Question: Does steel sink faster 

than plastic?) 
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